Abstract: Nineteen OECD and partner economies participated in PISA 2009 digital reading literacy study. Drawing data from this sample survey, this study seeks to examine from a comparative education perspective the efficiency and effectiveness of webpage navigation on digital reading performance. First, the webpages of an exemplary test item and the associated scoring guide are analyzed to elucidate the significance of efficient and effective webpage navigation in order to score high marks in the assessment. Second, the authors make use of the three webpage navigation indicators developed and validated by the PISA 2009 Consortium to measure the student webpage navigation behaviors during the assessment. Third, non-linear multiple regression analyses are undertaken across the economies to examine: (1) whether the relationships of the three webpage navigation indicators with student digital reading performance are linear or not, and (2) the proportion of digital reading variance that can be explained by the webpage navigation indicators. By examining the domain and shape of the graph of the "navigation-performance" relationships, lights are thrown on the efficiency and effectiveness of digital reading webpage navigation behaviors of the students of the participating economies. Implications of the study are discussed for PISA digital reading assessment in the future.
Background of PISA 2009 digital reading assessment
In 2009, Programme for International Student Assessment (PISA) conducted reading literacy assessment in OECD and partner economies (OECD, 2010) . Amongst the 65 participating economies, nineteen participated not only in the print reading but also digital reading assessment (OECD, 2011) . Table 1 presents the country mean score of digital reading performance of participating economies in PISA 2009 digital reading assessment. Korea is the top-performing country (score = 568), outperforming other economies by a wide margin (OECD average = 500). It is the intention of the present study to find out whether student webpage navigation behaviors during digital reading assessment have a bearing on digital reading performance or not. From a comparative education perspective, low performing economies may learn from the successful experiences of the high-performing economies, whose students are believed to be equipped with effective and efficient webpage navigation behaviors. Note: OECD mean = 500; SD = 100
Effectiveness and efficiency of webpage navigation in digital reading assessment
Reading, from print to digital, is in a period of transition at the turn of the new century.
In the information age, zines, blogs, memes, emails, etc. represent a sample of text genres that are a part of adolescent's literacy landscapes. Like print texts these newly emerged text genres are written with expressions and use visuals, but unlike print texts they are premised on the idea of multimodality (Burke & Rowsell, 2008) . During this period, Kiu (2005) observed that there is an emergence of screen-based reading behaviors characterized by browsing, scanning, scrolling, keyword spotting, etc. In digital reading, more time is spent on selective and nonlinear reading, and less time on in-depth and concentrated reading. It is witnessed that the traditional annotating and highlighting in print reading have not been migrated to the digital reading environment. Comparing digital reading behaviors between proficient and novice readers, Hillesund (2010) remarked that in digital reading, proficient readers engage in discontinuous and fragmented reading. They use the computer screen for an overview in a manner characterized by browsing and skimming. While reading of the novices is usually continuous from beginning to end, there is an apparent lack of efficient and effective webpage navigation behaviors analogous to that of the proficient readers.
A review of the research literature reveals that in the digital reading environment students use different navigational strategies to find an effective pathway in order to complete the tasks in a limited time. Link selection is one important navigational strategy in digital reading (Madrid, van Oostendorp, & Puerta, 2009; Salmeron & Garcia, 2011) . Very often, students who are able to select an appropriate link in the hypertexts will find the required information quickly. Recent studies show that the use of link selection is mediated by students' self-regulation or by students' reading skills (Salmeron, Kintsch, & Kintsch, 2010; Salmeron, & Garcia, 2011) . Besides the link selection strategies, Salmeron, Baccino, Canas, Madrid and Fajardo (2009) opined that navigation overview strategy is also important because it shows how long students overview the navigation pathways in a webpage containing hyperlinks.
These two navigational strategies, i.e. link selection and navigation overview, decide whether students are able to search appropriate webpages efficiently and effectively or not, because it shows how link selection and time consumption affect students' reading proficiency in digital reading.
As such, there are fundamental differences between print and digital reading assessment as far as design of assessment tasks is concerned (OECD, 2011) . One main difference is that in digital reading there is a need for the examinee to deploy efficient and effective navigation skills in order to access and retrieve the relevant webpages for securing an answer, and at the same time refrain from surfing irrelevant webpages to avoid squandering valuable testing time. Contrary to print reading, examinees very often do not know the number of relevant pages that have to be visited before securing an answer.
According to the PISA digital reading assessment scoring guide, the assessment tasks are designed in such a way that the examinees must visit a certain number of relevant pages of the test unit in order to earn full credits of the question.
For purposes of illustration, the text box below details the contents and scoring guide of one released digital reading assessment task, namely, SMELL (Question 3), in PISA 2009
Digital Reading Study.
Exemplary task: SMELL (Question 3)
There is information about the smell of lemon on the pages Food in the News and Psychology Now. Which statement summarizes the conclusions of the two studies about the smell of lemon?
A. Both studies suggested that the smell of lemon helps you work quickly. B. Both studies suggested that most people like the smell of lemon. C. Both studies suggested that the smell of lemon helps you to concentrate. D. Both studies suggested that females are better at detecting the smell of lemon than males.
Scoring Guide:
Full credit: C. Both studies suggested that the smell of lemon helps you to concentrate.
In SMELL (Question 3) there is a total of 13 webpages available for navigation and browsing by the examinees, and the contents of the webpages are summarized in Table 2 below: What this means is that regression coefficients can still be interpreted as expected changes in digital reading performance scores per page visits, per visit to relevant pages, and per relevant pages visited (i.e. per unit increase in N 1, N 2, and N 3 respectively). Table 4 . It shows that the predicted level of student digital reading literacy performance increases initially and then decreases afterward as examinee visits more relevant webpages before submitting an answer. Specifically, Figure 3 shows that effectiveness of N 2 stops rising up to a certain point (i.e. around 30), and after this point efficiency and effectiveness of N 2 drops rapidly because higher number of N 2 is associated with lower level of predicted student digital reading literacy performance. Comparing the effect of N 1 and N 2 on reading literacy performance, the prediction power in terms of R 2 is greater for N 2 than N 1 . This result is sensible because in the case of N 2 the more pages visited refer to relevant pages, not any page whether it is relevant or not as in the case of N 1 . 
Discussion of findings
It is confirmed in the present study that in a good design of reading literacy assessment task the number of relevant pages visited (i.e. N 3 ) can be seen as a proxy representing student's reading literacy performance. It is therefore important for the test developers to bear these in mind in the design of the assessment tasks. Admittedly, more irrelevant pages added to the assessment tasks decreases efficiency of webpage navigation and consequently the low ability students will be associated with very high number of counts of page visits (i.e. N 1 ). It is noteworthy that even though students are able to navigate amongst all the relevant pages efficiently so as to earn full credits, because of the time constraint students still need effective webpage navigation to bring number of visits to relevant pages (i.e. N 2 ) down to the minimum, i.e. closer to that of the number of relevant pages visited (i.e. N 3 ).
This poses the greatest challenges to the designers of the digital assessment tasks, as well as to the students responding to the tasks designed for them (Cheung & Sit, 2008) . In the future rounds of digital reading assessment it is expected that those economies whose students have become more familiarized with this new kind of innovative assessment their test scores will be very much improved through the use of the more efficient and effective webpage navigation behaviors, i.e. navigate to all the relevant pages, and increase efficiency by switching less between the relevant pages, as well as making less moves to other irrelevant pages.
Conclusions and recommendations
This study shows that across the nineteen economies participating in PISA 2009 digital reading study, efficient and effective webpage navigation behavior is an important factor affecting student digital reading literacy performance. There are implications for reading instruction and task design in the digital assessment environment. Follow-up studies with data drawn from PISA 2009 are needed to be undertaken to find out other pertinent factors affecting student digital reading literacy performance. Conceivably these factors on one hand are related to print reading literacy and one the other hand the digital component of digital reading literacy (e.g. webpage navigation). Regarding this, one intricate issue pertaining to gender differences in print reading literacy favoring females and ICT (Information Communication and Technology) literacy favoring males is needed to be resolved by the researchers.
There have been a number of useful studies conducted and reported in the literature.
For example, Thomson and De Bortoli (2012) reported that Australian males on average perform at a significantly lower level than females in reading literacy and at the same time males have stronger skills in digital navigation than females. Cheung, Mak and Sit (2013) reported that in the case of Korea and Hong Kong the digital reading gender gap that favors females is substantially smaller than that seen in print reading. The observed gender difference in digital reading performance favoring females in Hong Kong can be attributed to gender differences in the students' engagement in online reading activities and their ICT use at home for leisure, whereas the observed gender difference in digital reading literacy performance favoring females in Korea can be attributed to gender difference in the ICT use of students at home for leisure, but not students' engagement in online reading activities.
Obviously, more studies are needed to be undertaken to understand the issue of webpage navigation on digital reading performance.
